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ABSTRACT 
---.... ~---
A number of GOS devices with varying geometric 
dimensions have been analyzed electrically with 
respect to their on-resistance. The experim~ntal 
results show that the incremental on-resistance varies 
',· 
.i, 
as the square o~ the pi region length for lengths 
ranging from 50 to 200 microns. This rel~tionship 
has been applied to known mathematical relationships 
for the dependence of on-resi~tance to pi region 1·engths 
and a value of carrier lifetime has been determined. The 
value calculated for carrier lifetime suggests Auger 
recombination and carrier-carrier scattering could be 
reducing the lifetime and these effects should not 
be ignored when determining mathematical relationships 
for the on-resistance of the GOS device with respect 
to the pi region. 
Similar measurements hav.e revealed that deep N 
diffusions placed in the pi region inhibit the current 
flow in the forward direction and increase the on-
resistance of the GDS device. Data plotted regarding 
the on-resistance vs tub width has displayed a method 
for determining the amount of tub width that is consumed 
by this diffusion. 
Lastly, on-resistance measurements were characterized 
by varying the anode, cathode, and tub width geometries of 
1 
l 
the GDS. Upon plotting this data, we find the tub width 
is the dominating factor in controlling the on-resistance 
of the GOS device for the geometric changes specified in 
this paper. 
' 
\ 
• 
. \ 
I 
.... , ~ 
I. INTRODUCTION 
-~~- ..... '-'__, _________ _ 
One current manufacturable production device 
fabricated in Reading, Pennsylvania is the Gated-Diode 
switch (GOS), illustrated in Figure 1(1). The GDS is a 
primary component used in the SESS switching iystem 
developed by Bell Labs[2]. The device is basically a 
p-i-n diode placed in a dielectric isolated tub with a 
n type gate located in the pi region and p shields 
surrounding the p+ anode and then+ cathode. Then+ 
gate which is similar to a JFET gate, facilitates the 
tucn-off of the switch but does not affect the forward-
bias (ON) characteristics which closely resemble those 
i,• 
of a p-i-n diode at higher current levels [l]. The 
cathode shield prevents punch through between the gate 
and the cathode in the OFF-state and has been shown to 
limit the injection of electrons into the pi region and 
hence increase the incremental on-resistance, Ron, of 
the device. The anode shield acts as a contact to the 
anode but does not provide any electrical benefit[l]. 
In an effort to further understand the GDS device, 
several experimental variations of the GOS have been 
designed and fabricated to further characterize device 
on-resistance. In one Group of GDS devices, the pi 
region has been varied from 50 microns to 200 microns. 
Mathematical relationships have been developed by 
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McDonald, Fossum, and Shibib[l] to determi,ne the on- ·. 
resistance with respect to the length of the pi region. 
Fossum et. al. have characterized the on-resistance of 
the GDS device where the pi region was between 228 to 
61S microns. This paper will determine the effects of 
the on-resistance of the GOS where the pi region lies 
between 50 and 200 microns, and the mathematical 
relationships developed by Fossum et. al. for this 
~ 
particular region will be applied towards experimental 
results. Another group of GDS devices has several 
other varying device geometries. The width of the 
dielectrically isolated tub, the length of the anode, 
and the length of the cathode regions are varied 
simultaneously in an effort to determine which factor 
dominates the on-resistance of the device. All of 
these designs are aimed at reducing the GOS device 
size without drastically affecting the reverse 
breakdown charactertics which are essential to high 
voltage devices. 
' A. Background 
___________ ._ ___ _ 
The importance of this study cannot be completed or 
appreciated without a basic understanding of this specific 
device and its functionality. The high cost of providing 
battery feed, ringing, CODEC and other line interface 
5 
i,_ 
. functions for a telephone loop may be reduced by using 
space division concentratio~ of a number of lines onto 
one line interface unit. A high voltage integrated 
circuit employing a gated diode switch (GDS) has been 
developed to replace the metallic switches normally 
.. 
used for the concentration function[2]. The GDS 
satisfies the requirements of a telephone loop switch, 
which are voltage blocking to+/- 500 volts, surge 
conduction to current levels on the order of one ampere 
and the interruption of direct currents forced by the 48 
volt de normally used to power telephone loops. It offers 
potential advantages in cost, size and reliability over 
metallic switches. 
Two such GDS devices are connected back to back with 
a common gate to produce bidirectional blocking and 
conduction. This simply means that the.two GOS devices 
are connected antiparallel such that the anode of one 
GOS is connected to the cathode of the second GOS and the 
cathode of the second GOS is connected to the anode of the 
first GOS. The gates of the two GOS devices are tied 
together. The polysilicon substrate, in which the 
single crystal dielectrically isolated tub lies, is kept 
permanently biased at +350 volts. To produce the off 
state, the gate contact is biased at +300 volts. The 
electric fields from the substrate and the top gate 
contact then produce a region under the top gate where the 
6 
'll 
potential everywhere is in excess of +250V. With proper 
design, conduction between the anode and the cathode 
•• 
terminals is blocked for terminal potentials of+/- 250 
volts[3). Punch through between the gate junction and 
the cathode is prevented by the P type punch through 
shield diffusion. To produce the on state, it is 
necessary to reduce the gate potential until the 
difference between the gate and the anode (or cathode) 
potential is less than the voltage required to maintain 
the off state. This voltage for a typical GOS is 20V[2]. 
The transient in gate voltage from 315V to within 20V 
of the maximum terminal voltage is determined by the 
g~te capacitance and the control circuit turn on current. 
As the crosspoint begins to turn on, current flows in the 
GDS (the pair) that is forward biased by an external 
power supply (such as the line circuit connected to the 
concentrator). Electrons and holes are injected into 
pi material from the cathode and anode, respectively. 
Since the external supply is of much lower impedance than 
the control circuit, the gate is rapidly pulled down to 
approximately 0.7V below the anode potential, and the 
switching transient is completed[4]. 
B. Basic Physics of GOS Operation 
_ .... __ ,...._. __ ._, ___ ... ,_._._._. .... _____ ._ __ -_____ _ 
·The one-dimensional model, p+-p-W -p-n+; shown 
in Figure 1 with the structure of the GOS, is 
7 
representative of the basic operation of the devic~. 
For the intent of this paper, the measured incremental 
on-resistance interest lies in the steady st~te 
current-voltage characterisi_tc of the GDS with 
the gate floating, therefore, the gate can be ignored 
in the one-dimensional model. 
In the development by Fossum et.al., the 
quasi-Fermi levels link the anode-cathode 
terminal conditions to the internal device 
physics. This approach facilitates 
physical insight into the operation of the 
device, especially with regard to how 
changes in excitation (carrier injection) 
at the cathode affect the excitation and ,. j 
r~combination current at the anode. 
The energy-band diagram for a forward 
biased GDS is shown in Figure 2. It implies 
how the anode-cathode voltage defines the 
hole and electron quasi-Fermi levels Erp and 
E"', hence the carrier density and electric 
field in the device. The applied voltage 
(VA> 0) equals the sum of the internal 
voltage drops.[!] 
+ + VA = vP -p + vP·?r + V + v"'·P + vp-n J J 1r J J 
With the following assumptions; 
( 1 ) 
1. p-shield is doped high enough to prevent high 
injection for all operating conditions 
2. Vj" is the drop across the p- 7a jucntion near the 
anode. 
3. V'ii' is the drop across the 'tt region 
4. vf-nis the drop across the p-shield-cathode junction 
5. V.:.'iT-Pis the drop across the 'ii' -p junction near the 
cathode. 
6. p ~ n > > NAii where NA'ii is the acceptor doping density 
equation (1) becomes, 
( 2 ) 
8 
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where 6.Ey:A and AEF'"- are specified in Figure 2. 
. ,, 
In order to determine the GOS given current densi_ty 
J, 6EFA, AEFc., AE~n and V'ii must" be determined. These 
determinations are made by incorporating into basic p-i-n 
diode theory a model for carrier transport in the p-
shield, which reduces the injection of electrons into the 
pi region. 
Futher assumptions account for neglecting the 
recombination in the shield, which is typically much less 
than the carrier fluxes through the shie:ld, and it is 
assumed an uniformly doped shield, which implies the 
diffusion current is nearly constant[l]. 
Fossum et. al. incorporate into basic p-i-n diode 
theory a method to characterize the conducton properties 
of the GDS. This involves generating a system of 
equations, the simultaneous solution of which for a 
specified J yields ~EFm, bEi:A,6Es=-c,V'ii, and VA. The 
resulting J(VA) characteristic, with the cross-sectional 
area A (I•JA), then defines R~cand Ron. 
The groundwork of the basic device physics described 
above creates the foundation for the theoretical section 
which will utilize the equations for the incremental on-
resistance of the GDS device and how it related to the 
pi region defined above. 
Fossum et.al. continues to develop the ,mathematical 
relationship of the incremental on-resistance and its 
10 
d~pendence upon the anode-cathode separation distance. 
Their work develops theoretical boundry conditions upon 
the on-resistance. The boundry conditions state that the 
on-resistance varies as the square of the pi region when 
w > 3LA and it varies linearly when W < 0.3LA. LA, the 
ambipolar-diffusion length, is a parameter used by Fossum 
et. al. to specify a range for how the incremental on-
resistance reacts to the separation distance of the anode 
to cathode. This theoretical analysis to obtain their 
boundary conditions will be tested experimentally with 
the devices in this study. 
c. Scope of the Thesis 
----------------~--------
The work conducted in this paper will address pi 
regions that have not been realized experimentally but 
defined theoretically, as mentioned above. Fossum et.al. 
have based their experimental work upon pi region lengths 
of greater than 200 um. The work done is this paper 
will characterize the on-resistance of GDS devices 
that have pi regions lengths of 50 to 200 um. The 
research done in this paper will be compared to the 
theoretical work developed by Fossum et.al. to view the 
comparison of their theoretical work to this experimental 
work. As seen in Figure 3, the work done by Fossum et. 
al. shows that for pi regions lengths from 228 microns to 
615 microns the incremental-on-resistance varies as the 
11 
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square of the anode to cathode separation or the pi 
region. The devices under study in this research have 
' pi region lengths that range from 50 to 200 microns. 
The experimental on-resistance measurements for these 
devices will be plotted against the anode to cathode 
separation to see if the square relationship realized 
by Fossum et. al. is experienced by the devices in this 
study or if they experience a linear relationship as 
state theoretically by Fossum et. al. Any simialarities 
will be noted and any differences will be addressed. 
II. EXPERIMENTAL MEASUREMENTS 
----..--------------------~ ..... ---------
In an effort to better characterize the GDS device's 
on-resistance, several designs of the GDS were 
manufactured, in Reading, Pa by AT&T Microelectronics 
with varying device geometries. Six of these 
GOS devices ( Group 1 ) differed only by varying the 
separation distance from anode to cathode and holding 
all other device geometries constant. The other devices 
' ( Group 2 ) maintained the same pi region length but 
differed by tub width size, anode length, and cathode 
length. The devices used in this analysis were located 
within test chips on the wafer. Ten four inch wafers, 
each containing several rows of this particular test 
chip, were fabricated and held at final in-process 
13 
probe for characterization. 
Ten test chips from ten wafers were tested on an 
automatic test system. The incremental ·on-resistance 
of all the experimental devices was calculated by 
• measuring the voltage at twenty milliamps and sixty 
milliamps and determined as follows: 
V( 60) - V(20) 
Ron• ( 3) 
!(60) - I(20) 
One hundred on-resistance measurements were taken for 
for each of the twelve different versions of the GDS. The 
data for each of these twelve devices is displayed as 
histograms in Appendix A. The statistical distribution 
per device is reported in Appendix B. The measurement 
of each different device geometry and the averaged 
on-resistance for each device can be found in Table 1. 
III. EXPERIMENTAL RESULTS 
------ --------- ___ ,.... __ ,__....,._. __________ _ 
The experimental results measured and reported in 
Section II must be analyzed against the device 
geometries in an effort to understand the effect of 
device geometries on Ron. 
A. On-resistance vs the separation distance from 
.__, ________ ~ __ ...., ___ ,... .... ,_, ____ ._. ______ ._ ___________ _. __________ _ 
anode to cathode 
- 4llmll - - .... - ._.. -- -- --- --- _,_, --
In Table 1, average Ron and seperation distance 
·, 
are listed for the Group 1 devices. Average Ron is 
14 
' ·-,; ...,.,~. . 
.... ,.\ 
TABLE 1 
DEVICE 
~JAtw1E 
*Ronl 
Ron2 
F!on3 
Ron4 
Ron5 
Ron6 
DEVICE 
l'JAt-'1 E 
Ron7 
Ron8 
*Ronl 
Ron9 
Ron10 
Ron 11 
Ron12 
.De s c r- i p t i on of de v i c e 1 ab e 1 , av e r age d . 
on-resistance measurement, and device· 
oeometries. 
-
Group 1 
RON ANODE TO CATHODE TUB CATHODE ANODE AVG SEPARATION (W) WIDTH (t) SIZE SIZE (ohms) (um) (um) 
5.42 50 271 
6.57 75 271 
8.67 1 0 (I 271 
10.52 124 271 
12.72 148 271 
20.80 200 271 
Group 2 
RON ANODE TO CATHODE TUB 
. AVG SEPARATION CW) WIDTH (t) (ohms) (um) <um) 
6.54 50 237 
6. 03 50 254 
5.42 50 271 
5.30 50 288 
4.56 50 305 
5.36 50 322 
4 I 15 so 339 
(um) 
68 
68 
68 
68 
68 
68 
CATHODE 
SIZE 
(um) 
34 'I 
51 
68 
85 
102 
119 
136 
(um) 
80 
80 
80 
80 
80 
80 
ANODE 
SIZE 
(um) 
46 
63 
80 
97 
114 
131 
148 
* Ronl is included in both groups due to its dimensions.·· 
,s 
plotted against $eparation distance in Figure 4. The 
parabolic nature of this plot shows that Ron is not 
lineraly dependent on separation distance. However, if 
on-resistance is plotted versus the~square of the 
separation distance, Figure 5, we see that Rori is directly 
proportional to separation distance squared. A best fit 
expression for this relation was calculated and plotted 
in Figure 5. For the range of pi regions selected in this 
experiment, the on-resistance is proportional to 
the square of pi region as illustrated in Figure 5. The 
relationship in Figure 5 is an extention of the same type 
of relationship experienced by Fossum et. al. in Figure 3 
which was discussed previously for the square relationship. 
Theoretical results of the on-resistance dependence of the 
GOS at varying pi regions lengths will be discussed in 
Section IV-A. 
B. On-resistance vs tub width, anode size, and 
-----------------~----------------------------------.-. 
cathode size 
----~--------
The devices in Group 2 in Table 1 have varying 
tub width, anode length, and cathode length. When 
the tub width is increased, the length of the anode and 
the cathode were also increasing. To study the effects 
of changing these parameters, the percentage change in 
on-resistance was plotted against the percentage increase 
of the tub width, anode length, cathode length, anode 
16 
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• 
. area, and cathode area respectively. These plots are 
shown in Appendix D. The· total perce~t change 
of the on-resistance, tub width, cathode length, anode 
length, cathode area, and anode area are taken from the 
Figures in Appendix D and listed in Table 2. The total 
percentage change in tub width, 44%, is nearly· th~ same 
as the total percentage change in device on-resistance, 
38%; however, the total percent changes of the other 
device geometries ( anode length, cathode length, 
cathode area, and anode area ) are at least 5 to 10 
times higher then the total percentage change in device 
on-resistance. This shows that tub width is a dominating 
factor in controlling on-resistance when compared to 
other device geometries which were studied in Group 2. 
The GOS devices in Group 2 had another factor 
controlling the on-resistance. A deep N type diffusion 
was placed in the side of the pi region exactly between 
the anode to cathode, Figure 6. This diffusion was 
designed to spread 68 microns from the side of the 
tub towards the middle of the tub and limits the current 
flow from anode to cathode. This has the same effect 
as ·reducing the thickness of the tub with respect to 
the on-resistance. 
can be found by, 
where 
~ Without the N type diffusion Ron 
Ron• pW/th ( 4 ) 
• 
19 
• 
f 
TABLE Total percentage change in on-resistance 
1 isted with the total perc•ntage change 
of tub width, anode area, cathode area, 
anode length, and cathode length. 
PARAMETER TOTAL CHANGE <X) 
________ ,....__________ 
__ ____ ... ___ 4alal _____ _ 
Ron 38 
Tub width 44 
Cathode area 150 
Anode area 190 
Cathode length 300 
Anode length 220 
2.o 
D::Ep N 
d \ftlJS\Of\ 
.. 
I 
I 
I 
J , 
I 
Anode 
I 
---------------- - ...._.,_ 
-----------
CC\ fhode. 
Gt}S d c"'' e "", 4th ~~ \e co"iac\ 
d, ~uc;ed O\".' ~,~e of -'tub 
21 
w 
p • resistivity of the conductivity 
modulat~d pi region 
w • tub length 
t • tub width 
h • tub height. 
If the N type diffusion acts to reduce device thickness, 
the expression for Ron becomes, 
Ron• pW/(t-c)h ( 5 ) 
where c is the amount that the thickness is reduced. 
Since_ p,W, and hare constants for the devices in Group ,,' 
2, the on-resistance can be plotted against tub 
width minus c as illustrated in Figure 7. In this 
figure, c was taken to be 66 microns. In Section IV-B the 
correlation of this value toward the designed dimension 
of the diffusion will be discussed. 
IV. ANALYSIS and DISCUSSION _________ ,_. __ ._. _______ __.._.. ..... ________ _ 
A. On-resistance vs the separation distance from 
---- --------- ._ ,_,_ - -- ---------- ._. ____ - -- --- - _____ ._,_ .-. -- ----- _._ ______ _ 
anode to cathode. 
-------~-----------
The incremental on-resistance can be defined as the change 
in voltage divided by the change in current at which the 
voltages were measured. For the GDS device, Fossum ete 
al. approximated this equation as 
• 
In order to obtain an expression as to relate the 
parabolic relationship mentioned in Section III-A, 
( 6 ) 
to the mathematical representations defined by Fossum et. 
22 
• 
' 1. 
7.0 
6.5 
6.0 
R 
0 5. 5 
n 
(II.) 
5.0 
4.5 
4.0 
0.0035 
Figure~ 
0.0040 0.0045 0.0050 0.0055 0.0060 
., I •I (Thickness minus 66 microns) (}""') 
Ron vs the inverse of the thickness minus 66 microns 
al. that relate on-resistance to pi region length, hV~ 
and .6I are developed. 
Fossum et. al. have chosen to develop·a simple 
analytical model for J(VA), as opposed to a numerical 
solution utilizing a system of equations, that is valid 
for high values of J from 100-1000 A/cm where J is the 
current density and VA is the applied voltage. In their 
model J is the sum of the recombination currents in the 
anode, cathode, and pi regions or 
J=JA +J +JC N " p. ,( 7 ) 
where 
w n(x) qWn J,, = q dx = 
0 2,0 2r0 
{ 1 ] ( 8 ) 
with 
• • p1 region n • average carrier density in the W • anode to cathode separation or length of the I region. To• effective lifetime. 
Using the equations described in the theoretical section 
for JN and Jp , 
and 
JC -J (~£Fe+ ~EFn) P - PO exp kT 
. 
The above two equations are coupled to the carrier 
transport in the anode and cathode by defining the 
. 24 
( 9 ) 
( 1 0 ) 
minority-carrier recombination currents in those regions. 
Thus, as J increases, a larger portion of the current is 
supported by recombination in the anode and cathode 
regions. Also stated by Fossum et. al. is that the 
diffusion current in the pi region becomes negligible 
as J increases which leads to the rationale that the 
ff/' holes and electrons predominantly drift across the 
region.[!] 
The voltage across the pi region ( V") is described 
as a function of the total current, 
J V=---
, I~ q(µn + µp) 
( 11) 
This expression can be simplified because the second term 
is typically 0.026 volts. 
b-1 kT n(O) kT 
( ) ln(--1 • = 0.026 volts.[!] ( 12) 
b+l q n(W) q 
To generate the J(VA) characteristic, we must now 
determine V" , which is the intergral of the electric 
field across the pi region. The integration in (11) can 
be done analytically. Performing the integration and 
after much simplication by Fossum et. al., a crude 
approximation is made for V~ which is 
( 13) 
where 
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n -
LA [ n(O) + n(W) J 
for W > 3LA ( 13) w 
and 
n ~ [ n(O) + n(W) )/2 for W < 0.3LA(l]. (14) 
The above equation for v~ takes into account that n(x) ~ 
ii and n is also a simplified expression, and JJ n and JI p 
are independent of n in the simplication by Fossum et. al. 
Substituting the equations that define n, (14) and (15), 
into the equation (13), and inserting that expression into 
equation (6) yields the following expression for Ron 
and 
w2 
RoN~-2q_A_~_"_+_µ __ p_)l_A_[-n(-O-)+_n_(_W-)J for W > 3LA ( 16) 
w 
RoN~q-A-~-n-+_µ_p_)_(n_(_O)_+_n_(_W)-J for W < 0.3LA[l] (17) 
where 
w = anode to cathode separation A= The area, SE-5 cm of the one-dimensional model is merely an 
effective representation of the three dimensional geomtry[l) 
and the other parameters have already been referenced. 
The Ron expression for W > 3LAapplies toward the 
experimental data found on the devices of Group 1 
where the on-resistance varies as the square of the 
length of the pi region. Using the definitions set up 
by Fossum et. al., it is viewed that L_A must be 
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less than W/3. The lowest value of W used in the 
experimental devices, found in Table II-1, is 50 
microns, therefore, LA, if the theory developed by 
Fossum et al. is followed, would be a value of 
50/3 or LA• 16. 7 • microns. With this in mind, 
one can solve for the ambipolar diffusion length, L~ 
and subsequently, the carrier lifetime by using the 
following definition. 
t/l 
• ( 18) 
The following typical values were applied to solve for 
the diffusion length: 
k 
-
1.38E-23 J/K 
T = 300 K 
q - 1.6E-19 C 
fn = 920 cm;v-sec 
/J' p =- 330 cm/V-sec 
The values for JJ n and /J. p we re " taken from Fossum et. al. 
as effective mobilities for the GOS devices in the pi 
regions and in effect are average values. Although these 
two values might not be exact, they offer an appropriate 
representation to fulfill the theoretical rationale. 
The carrier lifetime, with the above values, is 0.1 
microseconds. As a comparison to the carrier lifetime-
found in this experimental research, Fossum et. al. 
have calculated a value of 5 microseconds for their 
theoretical and experimental results of carrier lifetime. 
This represents a difference over an order of magnitude. 
).' ' 
Their study was based upon pi region lengths of 228 to 
615 microns, while this study deals with pi regions 
lengths of 50 to 200 microns. Fossum et. al. stated 
in their paper a number of assumptions that could 
contribute to deviations from their work. 
One primary explanation for the difference in the 
values of carrier lifetime found by Fossum et. al. and 
the results found here support how the equations for 
on-resistance were derived. In the analytical model for 
Ron one considers high values of current, Fossum et. 
al. ignored diffusion current which would assume that 
-the carrier concentration, n, is uniform across the pi 
region. A consiaerable amount of diffusion current 
could perhaps exist. 
They have also assumed, in addition to high 
injection ( p ~ n ), that the electron and hole 
mobilities, f n and /Jp, are constant, and that the· 
electron and hole (SHR) recombination times are equal and 
constant. Effects of carrier-carrier scattering and 
Auger recombination tend to invalidate these 
assumptions[l]. Equation (9) described on-resistance 
except for where v~ is influenced by carrier-carrier 
scattering and Auger recombination. Carrier-carrier 
scattering reduces the hole and eletron mobilities, 
which tends to increase v,.. Auger recombination 
reduces the carrier lifetime, this tends to decrease 
28 
~ but increases V7 [1]. 1 There has been much work in 
the area of Auger recombination. Minority-Carrier 
transport in heavily doped regions is important in the 
determination of the efficacy of silicon bipolar cells. 
In considering regions in which the transport is 
dependent only on the bulk properties, such regions, 
in which the excess minority carriers are stored 
away from the surface, typically have quite high surface 
doping densities, and consequently very low minority~ 
carrier (Auger) lifetimes near the surface(SJ. The scope 
of this paper is not to define or analyze Auger 
recombination for the GDS device, but from Figures 8 and 
9 one can see the Auger lifetime as compared to the 
surface doping density. The Auger w9rk done by Fossum and 
Shibib aid in the result that in the area of the GDS 
where the doping densities are in the range of 1E19, 
such as the P shield regions of the GOS (see 
Figure 1 for their location) the low value of carrier 
lifetime calculated in this paper compares quite well 
to the Auger recombination lifetime viewed at a surface 
doping density of 1E19 cm- 3 for typical N type and P 
I'' 
type diffusions. 
Also, at the end of their paper, Fossum et.al. 
state that the values used for f n and }J p are in effect 
average values which reflect significant carrier-carrier 
scattering at higher currents, an effect that th~y have 
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not explicitly accounted for[l]. 
B •. On-resistance vs tub width, anode size, and 
~----~~---------~------~~---~-----~---~--------
cathode size 
__ ,aai, ____ ._,_ ... ____ _ 
The graphs in Section III-B show that the geometric 
dimensions dominating device on-resistance is the tub 
width. As stated previousl~, the tub width varies nearly 
directly proportional to the on-resistance, whereas the 
150 to 300 percent change in the cathode and the anode 
are 5 to 10 times higher to the 38% change in Ron. 
Figure 9 in Section III-B displays the on-
resistance vs the 1/(t-c). C equal to 66 microns was 
chosen because at this value the intercept of the slope 
proceeds through zero, or very near to it. If the deep 
N diffusion was not placed as designed, then c would 
equal zero. This value of 66 microns closely agrees with 
the designed value of 68 microns. Assuming normal 
process variation, a two micron difference is quite 
understandable. 
V. Conclusion 
---------~..---
This paper has addressed the dependence of on-
resistance on device design parameters of the GOS 
device without altering its electrical characteristics, 
particularly its high voltage switiching function in the 
SESS switching system. Two groups of devices were 
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designed, fabrica~ed, and characterized. One aspect, 
the on-resistance, of the devices functionality was 
pursued in the development of this paper. 
t 
In the set of devices defined as Group 1, it was 
found that the on-resistance of the GOS device varies as 
the square of the pi region length, also, the carrier 
lifetime was estimated using mathematical equations 
developed to characterize the GDS. A difference in the 
carrier lifetime calculated in this study was seen in 
comparison to that estimated by Fossum et. al. The 
assumptions used in the development of these mathematical 
models cannot be readily overlooked. Diffusion current, 
Auger recombination, and carrier-carrier scattering 
could effect the carrier diffusion length in the GOS. 
This work compliments the earlier work of Fossum et. al. 
by extending the study to the pi region lengths down to 
50 to 200 microns. The pi region length is important 
in studying the impact of the incremental on-resistance 
of the device, where the on-resistance is directly 
proportional to the square of the pi region length. 
The results of this thesis also could enhance the detail 
that could be developed in the mathematical models which 
are used to characterize the GDS's on-resistance 
relationship to the length of the pi region. 
For the devices of Group 2, the on-resistance was 
dominated by the change in the width of tub more than 
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by the change in the anode length and cathode 
length. This work helps in the design of the 
GOS to optimize its on state characteristics with smaller 
device area. 
Also realized from the devices in Group 2 was the 
fact that the deep N diffusion placed on the side of the 
tub inhibited current flow from anode to cathode. Futher 
research might pursue areas to reduce the size of this 
diffusion as to decrease the on-resistance of the device. 
The author suggests that there is an area open for 
more detailed research in developing the effect of the 
carrier lifetime of the GOS device and the effects of 
Auger recombination. The scope of this paper was intended 
to futher characterize the smaller pi region lengths 
which have not been developed experimentally and to 
compare these results with the mathematical models 
developed by Fossum et. al. Further research needs to 
be explored with respect to the mathematical and 
theoretical effects of Auger recombination explicitly 
to the GOS and its on-resistance. 
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Appendix A 
Listed below is the data collected from the automatic 
test system. This table contains the lot number of the 
ten tested wa-fers, the wafer number,. and the on-resistance 
(measurements for each of the twelve devices. As noted 
be-fore, deivces Ron1 through Ron 6 are defined as 
Group 1 and devices Ron 7 through Ron 12 are in Group 2 
with the exception that device Ron1 is contained in both 
Groups. 
Table A-1 
Group 1 
Lot Wafer Ronl Ron2 Ron3 Ron4 Ron5 Ron6 
No. No. 
307 33 5. 11 6.29 8.41 10. 12 12.31 18. 1 0 
307 33 5.29 6.44 8.41 10. 15 12.52 19. 1 7 
307 33 5.22 6.61 8.69 10.39 12.41 20 .10 
307 33 5.28 6.62 8.49 10.35 12.50 20.26 
307 33 5. 19 6.54 8.74 10.22 12.68 19.55 
307 33 5.30 6.48 8.52 9.99 12.99 20.25 
307 33 5.29 6.63 8.27 10.04 12.49 20.97 
307 33 5.30 6.50 8.66 10.73 13.35 20.69 
307 33 5.26 6.44 8.53 10.57 12.98 19.88 
307 33 5.23 6.43 8.48 10.55 13.62 20.77 
.-.o-~ I 08 S.50 6.97 8.32 11 I 49 15.42 24. 11 
307 08 5.47 6.83 9.52 11. 45 14.47 24.22 
307 08 5.36 6.88 8.70 11.55 14.59 23.65 
307 08 S.44 6.94 9.44 11. 38 13.73 23.52 
_, 
.-.o-~ ,' 08 5.51 6.89 9.49 11. 47 13.66 23.45 
307 08 5.55 6.68 9.42 11. 37 13.56 22.51 
307 08 s.ss· 6.94 9.01 11 • 31 13.44 22.90 
307 08 5.50 6.68 8.90 11. 42 13.28 20.81 
307 08 5.54 6.90 8.87 10.93 13.59 22 .02 
307 08 5.73 6.95 8.87 11.28 14. 21 22.64 
307 10 5.20 6.39 9. 22 ,, 9. 58 11. 76 17.22 
307 10 5.36 6.46 a. t 6 9.68 11. S9 17.99 
307 10 5.36 6.45 8.32 9.74 11.62 17.83 
307 10 5.27 6.41 8.44 9.91 11. 60 18.31 
307 1 Q. 5.38 6.53 8.58 10.27 12. 25 19.26 
307 10 5.39 6.56 8.58 10.43 11. 86 19.66 
307 10 5.34 6.80 8. 48 1 0 .. J 0 12.0S 20 .1 S 
307 10 5.39 6.72 8. 77 10. ;36 12.47 20.80 
307 10 5.60 6.74 8.67 10.14 12.75 20.79 
307 10 5.52' 6.67 9. 0 O' 10. 77 11. 73 20 .94 
31, 
-Lot Wafer Ron1 Ron2 Ron3 Ron4 Ron5 Ron6 
No. No. 
307 22 5.24 6.67 8.41 10. 12 11. 63 18. 10 
307 22 5.41 6.58, 8.69 10 .15 12.54 19 .17 
307 22 5.53 7. 03 8.49 10.00 13. 40 20.01 
307 22 5.78 7.51 8.74 10.70 14 .14 19 .12 
307 22 5.72 7.65 8.52 11. 36 15. ~1 19.94 
307 22 5.67 7e40 8.27 11 • 16 14. 24 22. 03 
307 22 S.61 7. 02 8.66 13. 12 13.76 21.78 
307 22 5.99 6.98 8.~3 11. 84 13.48 26.34 
307 22 5.93 6.86 8.48 10.93 12. 89 23.41 
307 22 5.62 6.55 8.32 11.64 11 • 86 22. 11 
307 03 5.33 6.32 9.52 11 • 28 11 • 29 21 • 80 
307 03 5.35 6.52 8.70 12.31 12 .19 20. 84 
307 03 5.39 6.49 9.44 10.80 11 • 89 19.38 
307 03 S.36 6.55 9.49 10.89 12 .08 19.50 
307 03 5.52 6.77 9.42 10.54 14. 40 20. 88 
307 03 5.70 6.59 9.01 10.00 13. 76 20.66 
307 03 5.55 6.74 8.90 11 • 34 13.92 20.55 
307 03 S.55 6.83 8.87 11.83 14.46 20.26 
307 03 5.62 6.89 8.87 12 I 18 14.32 22.28 
307 03 5.58 7.01 9.22 11 • 99 15. 40 21.76 
307 31 S.66 6.87 8. 16 11 • 61 15.34 22.89 
307 31 S.94 7.02 8.32 12.20 15. 30 24.48 
307 31 5.95 6. 7·, 8.44 12.21 14. 0 l 24.05 
307 31 5.53 6.9S 8.58 11 I 86 13. 98 23.64 
' 
307 31 5.52 6.32 8.58 11 I 86 1 3. 11 23~96 
307 31 5.87 6.31 8.48 11 • 25 13. 12 24.28 
307 31 5.63 6.31 8.77 9.90 8.36 23.85 
307 31 S.66 6.30 8.67 10.07 14.75 18.71 
307 31 5.52 6.42 9.00 10.02 12.97 18.94 
307 31 5.58 6.73 9.09 10.37 15. 1 S 10.05 
307 09 5.87 6.55 8.50 11 . 22 13.47 19.71 
307 09 5.72 6.45 8.39 11 • 12 13.66 15. 15 
307 09 5.63 6.92 9.24 10.80 14. 18 22. 03 
307 09 5.7S 6.87 9.25 10.71 14.27 20.99 
307 09 5.45 6.34 7.37 11 • 45 14.59 20.58 
307 09 5.58 6.43 7.31 11.55 13.73 21.92 
307 09 5.97 6.88 7.48 11 • 38 13.66 24.11 
307 09 5.74 6.57 7.56 11. 47 13.65 20.88 
307 09 5.63 6.87 7.68 11 • 37 13.44 19.78 
307 09 5 .27· 6.77 7.90 11 • 31 15.41 19.56 
307 29 4.78 5.71 7.64 8.45 9.94 15.12 
307 29 4.91 5.81 7.92 8.75 10. Sl 15.36 
307 29 4.86 6. 03 7.80 8.72 10.29 10.06 
307 29 4.84 ~.94 7.42 8.78 10.41 15.75 
- - , 307 -29 4.91 5.97 8.51 9.00 10.74 · 15. 89 · 
3~ 
0 
' L 
;t 
·1'>{ 
Lot Wafer Ronl - Ron2 Ron3 Ron4 Rons Ron6 
No. No. 
307 29 4.95 6.01 8.92 9.01 10. 8~, 16.82 
307 29 4.97 6. 07 9.23 9.11 10.86 16.36 
307 29 4.97 6. 07 9.25 9. 14 10.91 16.73 
307 29 4.94 5.93 9.42 8.53 10.95 14.69 
307 29 5.02 5.99 10.28 8.90 10.58 15.99 
307 18 S.29 6.52 8.51 10.06 12.58 20.09 
307 18 5.29 6.45 8.52 10. 12 12. 99 19. 18 
307 18 5.23 6.34 8.48 9.88 12.58 18.59 
307 18 5.40 6.57 8.35 10.33 12.83 18.99 
307 18 5.52 6.55 8.41 10.45 13 .12 19.62 
307 18 5.41 6.55 8.35 10.03 12.45 19.38 
307 18 s .• 44 6.58 8.49 10.28 12 .19 19.49 
307 18 5.47 6.42 8.42 10.98 12.41 19.80 
307 18 5.37 6.58 8.62 10.73 12.51 19.66 
307 18 5.29 6.54 8. 06 9.91 12.39 19.58 
307 17 5.28 6.37 8.84 10.22 12. 08 18 .10 
~o" ..:;;. ( 17 5.52 6.38 a. 04 9.75 11. 38 17.91 
307 17 5.31 6.40 8.31 10.07 11 I 90 18.74 
307 17 5.31 6.32 8. 19 9.65 11. 69 17.97 
307 17 S.3S 6.40 8 I 09 9.94 11 I 67 18.52 
307 17 5.34 6.43 8. 08 1 0 I 13 11 I 72 17.40 
307 17 5.51 6. 13 8.01 9.53 11 I 53 16.91 
307 17 5 .15 6.22 7.79 9.25 11 • 31 16.79 
307 17 5.31 6.31 7.92 9.41 11 • 12 16.78 
307 17 5. 11 6.44 7.85 9.56 11 I 23 16.70 
Table A-2 
Group 2 
Lot Wafer Ron7 Ron8 Ron9 RonlO Ronll Ron12 
No. No. 
307 33 6.32 5.63 4.79 4.35 4.20 3.92 
307 33 6.42 5.78 4.82 4.36 4.20 3.99 
307 33. 6.23 5.81 4.90 4.53 4.26 4 .07 
307 33 6.34 5.95 4.94 4.52 4.39 4.06 
307 33 6.52 5.86 4.84 4. 43 4.22 4.00 
307 33 6.51 S.99 4.93 4.S3 4.21 4 .06 
307 33 6.45 5.93 4.85 4.54 4.20 4 .07 
307 33 6.23 6.00 4.91 4.58 4.33 4 .14 
307 33 6.45 6.05 4.97 4.49 4.27 4 .08 
307 33 6.43 5.94 4.87 4.56 4.22 4 .07 
3s· 
--= 
,, 
Lot Wafer, Ron7 Rons Ron9 Ron10 Ron11 Ron12 
No. No. 
307 08 6.68 5.63 4.85 4.56 4.22 4. 09 
307 08 6.74 5.78 4. 91 4.59 4.38 4.18 
307 08 6.80 5.81 4. 97. 4.52 4.36 4.23 
307 08 6.84 5.9S 4.87 4.65 4.37 4.32 
307 08 6.65 5.86 5. 41 4.65 4.36 4.26 
307 08 6.87 5.99 5.84 4.59 4.39 4.28 
307 08 6.75 5.93 5.28 4.75 4.31 4.38 
307 08 6.59 6.00 5.47 4.57 4.39 4. 18 
307 08 6.69 6.05 5.65 4.58 4.37 4.26 
307 08 6.76 5.94 S.78 4.63 4.65 4.38 
307 10 6.32 6. 19 6. 13 4.71 4.49 3.90 
307 10 6.37 5.97 5. 41 4.39 4.23 4.01 
307 10 6.46 5.91 5.47 4.42 4.24 4 I 04 
307 10 6.46 S.97 4.98 4.43 4.30 4 .07 
307 10 6.76 6 I 19 4.87 4.45 4.35 4.23 
307 10 6.68 6.36 4.87 4.48 4.37 4 .16 
307 10 6.48 6.22 4.98 4.50 4.4S 4.26 
307 10 6.66 6 .19 5. 12 4.53 4.36 4.22 
307 10 6.59 6 .10 5. 10 4.49 4.41 4.27 
307 10 6.64 6 .18 5.00 4.47 4.52 4.21 
307 22 6.62 5.72 5.01 4.49 4.43 4.23 
307 22 6.76 5.73 S.03 4.32 4.37 4.31 
307 22 6.74 5.95 S.27 4.58 4.30 4.61 
307 22 6.89 5.87 5.33 4.64 4.45 4.62 
307 22 6.81 6 I 03 4. 91 4.73 4.66 4.75 
307 22 6.86 5.9 5. 21 4.91 4.52 5.28 
307 22 6.63 6.33 5.29 4.78 4.63 4.92 
307 22 6.56 5.97 5.41 4.78 4.62 4.56 
307 22 6.57 6. 04 5.56 4.65 4.84 4.43 
307 22 6.81 6. 09 6. 10 4.62 4,. 49 4. 11 
307 03 6.61 5.78 5.69 4.50 4.27 3.98 
307 03 6.57 6 .1 7 5.43 4.49 4.39 4. 08 
307 03 6.62 6.29 5.55 4.49 4.25 4. 04 
307 03 6.74 6.0S 5.72 4.S7 4.23 4. 06 
307 03 6.76 6.42 5.08 4.53 4.22 4. 12 
307 03 6.63 6.57 5.21 4.72 4.46 4 .15 
307 03 6.74 7.41 4.88 4.68 4.32 4.23 
307 03 6.81 7.00 5.02 4.86 4.51 4.24 
307 03 6.97 6.21 4.91 4.72 4.51 4.29 
307 03 6.93 5.96 S .15 4.81 4.67 4.38 
307 31 6.68 6 .oo 5.23 4.83 4.52 4. 41 
307 31 6.96 5.85 5.40 5.01 4.87 4.41 
307 31 6.78 5.84 6 I 18 4.81 4.55 4.28 
307 31 6.82 5.94 5.51 4.67 4.50 4.26 
"307 31 6.69 . 6.06 5.47 4.84 4.24 4. 18 
3q 
~'"-
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Lot Wafer Ron7 Rons Ron9 RonlO Ron11 Ron12 
No. No. 
307 31 6.78 6.06 4.90 4.72 4.46 i~. 12 307 31 6.96 6 .10 5 .15 4.68 4.32 4 .15 307 31 6.68 6.26 5.23 4.86 4.51 4.23 307 31 6.93 6.02 5.40 4.72 4.51 ·4.24 307 31 6.97 6.40 6.22 4.81 4.67 4.29 307 09 6.93 6.39 5.50 4.83 4.52 4.38 307 09 6.68 6.74 5.47 5.01 4.86 4.41 307 09 6.69 6.37 5.36 4.81 4.55 4.28 307 09 6.69 6.06 S.40 4.67 4.SO 4.26 307 09 6.78 6.09 5.65 4.84 4.24 4 .18 307 09 6.82 6. 08 s. 04 4.48 4.27 3.96 307 09 6.82 6.20 s··. 42 4.53 4.30 4. 0.1 307 09 6.77 6. 13 5.37 4.52 4.43 4.01 307 09 6.74 6.40 S.96 4.59 4.46 4. 07 307 09 6.61 6.37 6.54 4.59 .4.63 4.23 307 29 S.74 5.31 4.55 4.20 4.0S 3.70 307 29 5.90 5.37 4.56 4.29 4. 02 3.75 307 29 5.91 5.42 4.S6 4.28 4.01 3.76 307 29 5.81 5.43 4.6S 4.30 4. 06 3.85 307 29 5.87 5.55 4.68 4.25 4·. 13 3.94 307 29 5.98 5.60 4.73 4.28 4. 11 3.96 307 29 6.00 5.59 4.80 4.39 4 .14 3.96 307 29 6. 14 5.69 4.92 4.33 4.08 3.96 307 29 6.02 5.48 4.88 4.34 4.20 3.84 307 29 6.06 S.46 4.59 4.41 4. 12 3.87 307 18 6.6 S.78 4.81 4.48 4.26 3.94 307 18 6.88 5.79 4.82 4.55 4.29 3.97 307 18 6.46 5.97 4.96 4.SO 4.30 4. 13 307 18 6.46 6.10 S.94 4. 71 4.39 4. 14 307 18 6.73 6. 07 5.20 4.79 4.59 4. 07 ·-. 307 18 6.45 S.92 5. 1 S 4.S9 4.26 4 .10 307 18 6.55 5.91 s.22 4.50 4.38 4.11 307 18 6.48 S.97 5.29 4.49 4.33 4. 08 307 18 6.59 6.00 5.22 4.00 4.30 4. 15 307 18 6.47 6.28 s. 08 4.47 4.49 4.20 307 17 6.38 5.97 5.39 4.55 4 .18 3.95 307 17 6.41 6.00 4.97 4.44 4.27 4.01 307 17 6.48 · 5.98 5.14 4.49 4.27 4.09 307 17 6.3S 6.24 5.14 4.49 4.33 4 .12 307 17 6.40 6.42 5.33 4.00 4.26 4.10 307 17 6.47 o.oo 5.73 4.48 4. 13 3.96 307 17 6.38 S.76 4.88 4.49 4.14 3.92 307 17 6.4S 5.86 5. 08 4.50 4.25 3.99 307 17 ·6.32 s.·90. 5.04 ·. 4.54 4.26 3.8S 307 17 6.53 5.78 5 .12 4.47 4.59 4.50 
"o 
.) 
....... 
' 
Appendix B 
The data listed in Table A-3 and Table A-4 contain the statistical analysis for each of the twelve devices, again separated by Group. 
Table 8-1 
Device 
Name 
Ron1 
Ron2 
Ron3 
Ron4 
Ron5 
Ron6 
Table 8-2 
Device 
Na.me 
Ron7 
Ron8 
Ron9 
RonlO 
Ronll 
Ron12 
Group 1 
Mean Variance Std 
Dev 
5.41 0.07 0.26 
6.56 0. 12 0.34 
Max 
5.99 
7.65 
8.66 0.37 0. 60 10.28 
10.51 0. 91 0.95 8.4~ 
12.72 1 • 90 1. 38 8.36 
20 .07 6. 17 2.48 26.34 
Gr-oup 2 
Mean Variance Std 
Dev 
6.54 0.08 0.28 
6.03 0. 11 0.32 
5.22 0. 16 0.40 
4.55 0.03 0 .15 
4.36 0.03 0 .17 
4. 15 0.06 0.26 
Max 
7.00 
7.41 
6.54 
5.01 
4.87 
5.28 
Min Skewness 
4.78 -0.02 
5.71 0.25 
7.31 -0.04 
4.67 .... o. 22 
7 .1 S -0. 15 
14.69 o.oo 
Min Skewness 
5.74 -0.94 
5.31 0. 81 
4.55 0.73 
4.20 0. 31 
4.01 0.46 
3.74 1. 72 
• 
. J ' 
Appendix C 
Appendix C contains the histograms of on-~esistance 
for each of the twelve devices, noted as Figures 
11 through 23 
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Appendix D 
Appendix D contains the histograms of 
the percent change in device geometry 
vs the percent change in on-resistance 
where the anode, cathode, and tub width 
we~e varied in the devices for Group 2. 
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